Abstract. Because of the interference of the noise and the subtle texture, the Harris algorithm will generate much more false corners. An improved Harris algorithm based on multilevel wavelet decomposition is proposed. By multilevel wavelet decomposition, the high frequency components of image are extracted. These high frequency components with different scales are parsed, and the noises and subtle textures are suppressed while the original image edge features are kept. The final experiment shows that the improved corner detection algorithm can effectively reduce the number of false corners.
Introduction
The geometric feature extraction is a major task for remote-sensing data registration. The key to the extraction is the feature point matching between images. Harris algorithm is a widely used corner detection algorithm in feature extraction because of its simple calculation and high stability. However, in the process of extracting, corners are vulnerable to the interference of noise and subtle texture, which causes more false corners.
In order to resolve this problem, an improved Harris algorithm based on multilevel wavelet decomposition is proposed in this paper. Though the decomposition, the subtle texture and noise are suppressed and corner detection results are optimized. It is verified by experiment that this improved corner detection algorithm can obviously improve the quality of corner detection and reduce the number of false corner points. This paper has five sections. The second section introduces the related research work of corner detection. In the third section, based on the analysis of Harris algorithm, an improved method based on multilevel wavelet decomposition is proposed. The fourth section is the experiment. The last section is the conclusion.
Related work
Feature-based image registration algorithms are widely studied [1] , [2] . By comparing the feature sets with obvious gray scale changing, this kind of algorithm uses feature matching algorithm to find related feature points. And then the mapping relation is established according to the feature points to achieve the goal of image registration. According to the models of the feature points, feature-based image registration algorithms can be divided into three categories: edge point based [3] , corner based [4] and interest operator based [5] . Corner is a kind of feature points that reflects the local extremum of curvature on contour. Compared with other types of feature points, corner can represent the features of the ground surface much better [6] , [7] .In 1981, Moravec proposed the idea of using the corners of local area on image for stereo matching. As the first widely used corner detection algorithm, this algorithm laid a foundation for theoretical research of corner detection [8] . In 1988, Harris improved Morvec's corner detection algorithm and enhanced the robustness of corners [9] .
In 2002, Zhou G.K applied the edge feature of the image after wavelet transforming to extract corners, which reduces the time-cost and improves the matching results compared to gray value based method [10] . In order to resolve the difficult problem of finding a threshold applicable to all kinds of corner extraction algorithm, Shen presented the concept of self-adaptive threshold in 2010 [11] . In the same year, Ding Lin proposed a local adaptive Harris corner detection method. This method reduces the occurrence of mismatch and makes the matching points distributed more evenly [12] . In 2012, Kumar et al. proposed an image registration algorithm based on wavelet decomposition and Color-SIFT. The multi-resolution analysis of the image is carried out by wavelet transform, and then feature points are extracted on the low frequency sub-image by using Color-SIFT algorithm. The final match of the image is achieved by matching the acquired feature points. In 2013, Liu B.C et al. used the second order differential operator to extract the edge of the image for corner detection. This detection method is a good solution for resolving the problem of missed and wrong corners in Harris algorithm [13] . Aiming at the problem that Harris algorithm does not have scale invariance, Ge P.P et al. proposed a new kind of feature point extraction algorithm named Harris-SURF in 2014. This algorithm improves the robustness of Harris algorithm for image rotation, scaling and illumination variation while ensuring the efficiency [14] .In 2015, Xu J.J et al. proposed a fast image registration algorithm based on improved Harris-SIFT operator. The Harris algorithm is optimized by constructing Gaussian scale space, which greatly reduces the computation time of algorithm [15] . For the problem of uneven distributed feature points, Zhou H, etc. use image partitioning strategy for corner detection. The evenly distributed feature points combined with mutual information improved the accuracy of registration [16] .In 2016, Zhou J.H et al. proposed a fast sub-pixel registration algorithm. Because the classic sub-pixel registration algorithm is not efficient, this algorithm uses effective sub-graph instead of original image for sub-pixel registration and improves the efficiency greatly [17] . In traditional Harris corner detection, manually inputting a single threshold may cause pseudo-corner and clustered corner points. In 2017, Zhang J.S et al. proposed an improved image registration method for Harris corner detection method, which realized an uniform distribution of corners [18] . In summary, in recent years, many experts and scholars improve Harris algorithm through the wavelet decomposition. But these improvements only involve direct use of high-frequency components and do not optimize the extraction process. This paper focuses on the optimization of edge feature extraction process based on multilevel wavelet decomposition to reduce the influences of noises and subtle edges on feature extraction.
Corner Detection Algorithm Based on Multilevel Wavelet Decomposition

Analysis of Harris Corner Detection Algorithm
The flow chart of Harris corner detection algorithm is shown in Figure 1 . Here gives a brief description of Harris corner detection algorithm.
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First step is determining the image type. If it is a multi-spectral image, a gray conversion process is followed to convert it to a single-band grayscale image by weighted averaging, which is shown with formula (1). (2), (3)and (4).
, , (6) , in which k is an empirical constant, its value ranges from 0.04 to 0.06.
The last step is to select corners by non-maximal suppression in a certain size window. Harris algorithm is simple and stable, but it is susceptible to noise and subtle texture. Figure 2 is a result image of Harris algorithm. It can be seen that at the water area, there are lots of obvious false corners due to the influences of subtle textures such as boat and water wave. 
Multilevel Wavelet Decomposition Based HARRIS Corner Detection Algorithm
Through the analysis of the Harris algorithm, it can be seen that to locate the coordinate of the corner points is mainly based on the variation of gray value in different directions. The sharper the gray scale and the more the direction variation, the greater the response values of corners. The key of Harris algorithm is to analyze the edge characteristics of image, so it can use edge features instead of original image to reduce the interferences of low-frequency components and subtle texture. In this paper, the wavelet decomposition method is used to extract edge features.
The wavelet decomposition can decompose the target image into high frequency component and low frequency component through a series of mathematical transformations. The low frequency component is the part which gray value changes slowly, and it represents the frame and outline of the image. The high frequency component is the region where the gray value of image changes frequently, which reflects details of the image and contains edge features. By the wavelet decomposition not only noise suppression can be performed at large scale, but also image edge information can be better detected at small scale.
Because the gray values around noises change sharply, the edge detection results often contain part of noise data. In order to filter out the noises as much as possible, the image can be decomposed by multilevel wavelet to obtain high frequency components at different scales. Then the noises are reduced by superimposing the high frequency components of different scales. The calculation process is shown in Equation 2-7 and 2-8. Figure 3 shows an example of the high-frequency components of 4-level wavelet decomposition. It can be seen intuitively that the high-frequency component of latter-level decomposition has less noise and subtle texture than that of former-level decomposition, because the high-level decomposition to the high-frequency components of low-level decomposition can filter out some of the noises and subtle texture. However comparing the high-frequency components of the first and fourth level, it can be found that the passivation of the low-pass filter also results in passivizing to the edge features of the high-frequency components of high-level decomposition.
As shown in Figure 4 , the standard deviations of the high-frequency components decrease progressively. It is indicated that the passivized high frequency component lost the details due to excessive smoothness of the edge feature, so its edge feature cannot truly reflect the spatial information of the target image. In order to solve this problem that the high-frequency component of low-level contains too much noise and that of high-level is too smooth, the high-frequency components of high-level and low-level can be compared, according to the differences, the noise and subtle texture in the high-frequency component of low-level decomposition could be removed. Figure 5 is an improved edge feature extraction process based on multilevel wavelet decomposition.
The details are as follows:
(1) The B3-spline is chosen as low-pass filter due to the best edge detection performance [20] . The low frequency component of the original image is obtained by convolute the original image with the low-pass filter. The high-frequency component is obtained by subtracting the low-frequency component from the original image.
(2) Repeating the first step to the low frequency component obtained in previous step to obtain the low frequency component and the high frequency component of the second level. With the times of decomposition increasing, the image scale becomes smaller, the noises and subtle textures become less. The location of the noise and subtle texture can be determined by the exclusive OR of the high frequency components of this level and previous level. And then filter out these useless data from the previous level to obtain the optimized high frequency components preliminarily.
After n-level wavelet decomposition, the optimized edge characteristics of original image will be obtained.
In Figure 6 (a) is the high-frequency components of first level and (b) is the improved high frequency component. The goal of multilevel wavelet decomposition is to extract the edge characteristics of the image. Comparing the improved high frequency components with that of the first level, it can be seen that the optimized data removes most of the noise and subtle texture mean while preserving the edge features. 
Test Results
The new algorithm is implemented by C++, which is compiled and run on vs2010. The GF satellite data of Beijing area is selected as the experimental data, and the corner detection algorithm proposed in this paper is experimented. Because the corners of the remote sensing image are not convenient for visual inspection, this paper made a comparison in the aspect of angular-repetition-rate. The times of wavelet decomposition in this experiment is 3, and the filter operator is B3-spline. And its Gaussian window size is 5×5 and the value of K in corner response function CRF is 0.05.
The Harris algorithm used as a contrast in this experiment is an improved method according to the literature [12] . It can be clearly seen from Figure 7 that the Harris algorithm extracts a large number of pseudo corners points in the lake area due to noise and subtle texture images. However, the new algorithm reduces the number of pseudo corners because multilevel wavelet decomposition is used to suppress the influence of noise and subtle texture.
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The corner-repetition-rate refers to the degree of repetition of the corner when the image was rotated and disturbed by the noise. In corner detection, it is often used to evaluate the quality of corner detection algorithms [19] . Corner-repetition-rate R is calculated as:
(9) In the formula, n1 is the number of corners in the case of noise free, and n2 is the number of corners with additional noises. N is the number of repetitions of the corners at two cases.
In order to easily observe the repeated corners with different noises, this experiment selects part of GF-2 PAN image, as shown in Figure 8 . Among the results, the images of (a1), (a2), (a3) and (a4) were obtained by Harris algorithm with none noise, 2% noise, 4% noise, 8% noise respectively. And the images of (b1), (b2), (b3) and (b4) were obtained by new algorithm with none noise, 2% noise, 4% noise, 8% noise respectively. Figure 10 is the results of corner-repetition-rate with different noises. Although Harris algorithm has a slightly lower repetition rate than new algorithm, Harris algorithm's repetition rate drops rapidly with the increase of noise. When the noise is above 6%, Harris algorithm can't extract the corner from the target image. On the contrary, the new algorithm has better capability of noise immunity.
Conclusion
Based on Harris algorithm, this paper introduces the multilevel wavelet decomposition to solve the problems of pseudo-corner points. In addition, this paper optimizes the decomposed high-frequency components, and suppresses the noise and subtle texture. The experimental results show that the improved algorithm can effectively reduce the false corner.
